Transformers with On-Load Tap Changer. This tool has been designed to be implemented in Remote Telecontrol Units (RTU) located in Transformation Centers (CT) with on-load tap changing capability. Its final application is to provide an integral solution of the telecontrolled on-load tap changer from a Remote Operation Control Position (ROCP), located into the electric company´s operation office.
Introduction
One of the main concerns of electrical utilities is the power quality. Customers demand uninterrupted supply with minimum disruption. In this sense, voltage stability and security assesment implies network loading and voltage control evaluation.
Also, taking care of security and economic reasons, network operation demands suitable management of available resources. So, electrical utilities are forced to carry out an effective control of power flow (active and reactive) derived by the different circuits that compose the power system.
In this way, it is essential to control and regulate the system voltage in those network busbars that, due to their importance or location, allow to guarantee: -Maintenance of voltage and frequency within the established limits.
-Power supply continuity.
-Control of power flows according to operation needs.
There are different existing devices to achieve this goal. But transformers, with on-load tap changing capability, are quite commonly applied to regulated bus voltage for a long time. [1] So, over last years, several researchers have analyzed the dynamic operation of on-load tap changers (LTC). These investigations try to obtain a model that simulates their behavior with enough precision [2] [3] . Also, they have tried to develop control algorithms, methods and techniques to make possible the use of transformers with LTC in an automated, efficient and safe way. [4] - [9] 
System configuration
The Transformation Centers where this Remote Control System (RCS) can be implemented are totally automated and all operations are remotely controlled, except those corresponding to local automatisms. For this reason, they do not require the permanent presence of personnel and their actions are reduced to preventive and corrective maintenance operations.
The remotes are telecontrolled from the corresponding Remote Operation Control Position through a RS-232 series communication, whose physical connection (series interface + communication modem) is duplicated for security reasons. In this way, using a mechanism that supervises the connection and its automatic commutation, communication is guaranteed after a failure, in some of its components, happens. Also, it is possible to maintain the security standards that are required, nowadays, for this type of installations.
The proposed system has been developed with equipment of the Sisteam A range. Sisteam A is a multiprocessor modular system for application in industrial control. It can be used in different ways with very fast response times. The systems developed with Sisteam A can be conformed easily to changes in the configuration of the controlled facilities or modifications in size due to future extensions. It is sufficient to add the necessary modules and suitably readjust of certain parameters.
It has a modular structure (hardware and software). Also, it constitutes a totally independent entity that is able to be related, permanently and automatically, to the process.
The local part of the automatism has been developed by means of specific control functions that work in a semi independent way. The basic aim of the On-Load Tap Changer Control (LTCC) function is to take the commutator from the present tap to the wished final one. So, it is feasible to regulate the voltage level in the secondary of transformers by means of control of their tap´s position.
The automatism -as a whole-is able to control eight transformers, so it includes eight LTCC functions. Each function governs the commutator of one position.
The activation of LTCC functions is remotely controlled from the ROCP. And, before sending this command, remote operator has to establish the position set point (number of tap which the system must take the commutator to).
Both information (activation and position set point) are generated by the ROCP and function LTCC gathers them from the corresponding communication channel.
Deactivation of one LTCC function can take place by different causes:
-Deactivation from the ROCP.
-Auto -deactivation of the function when operation concludes. In general, this is because the wished position has been reached.
-Auto -deactivation of the function by operation failure or incorrect programming.
In the first case, deactivation command leaves from the ROCP by decision of the system operator. In the last two cases, the own LTCC function generates deactivation command, when detects that operation has been culminated successfully, or that some problem hinders it from reaching the wished tap.
With this aim, LTCC function has been equipped with the necessary subroutines to make an exhaustive watching of the process and to verify its good development. In this way, correct operation of the system is supervised considering auto -test mechanisms of SISTEAM A / SISTEAM TMX equipment [10] [11], such as supervision of:
-Central Processing Unit (CPU).
-Digital and Analogic Input cards (DI and AI).
-Digital and Analogic Output cards (DO and AO).
-Communication card.
LTCC function verifies the fulfillment of all the commands generated. In adition, detection of possible failures in the equipment hardware or in signal processing is made externally to this automatism.
Thereby, after a determined control command is done, corresponding change in associated entrance to this order is expected.
So, after a certain time from a command output (for example: raise up transformer tap), if awaited change (tap goes to a superior position) is not detected, it is understood that something has failed. Then, function is deactivated and it generates the corresponding warning message.
The time delay to generate this message (failure by unsuccessful command) is settled on by means of a parameter. The value of this parameter can be modified and fitted "in situ", taking care of the own characteristics of each case (speed in the tap changing of each commutator, cycle time of each remote…).
As it already has been said, each LTCC function controls the commutator of one transformer. But in some cases, transformers can work in parallel. Moreover, those transformers that works connected in parallel can be equal or different. Treatment is different according to these circumstances. Thus, in the first case both transformers must have always the same tap position. So, when activated, the automatism verifies that the position set points of equal transformers that work in parallel are the same. Otherwise, LTCC functions of both transformers are deactivated and it is generated the corresponding warning signal, without carrying out additional operation.
If transformers that work connected in parallel are different, their tap position set points can be different. In this case, the relation between both transformers must be well-known. The automatism will watch that difference between their taps no surpasses, at any moment, a threshold value that is fixed by operator from the ROCP. This value is settled on by means of a parameter wich can be modified.
Forms of LTCC function
LTCC function works according to some forms that respond to different types of transformers that can be installed in these Transformation Centers.
A. HV/MV Transformers
In this case, the object of LTCC function is to reduce the voltage level, to decrease the load in the network when emergency situations happen.
Within HV/MV transformers, autonomous transformers and non autonomous ones can be distinguished.
1) Autonomous transformers.
In this case, there is an external regulator that directly receives the position set point from the ROCP. This regulator takes the commutator to the wished tap position.
Therefore, the remote does not need any LTCC function for this type of transformers.
2) Non autonomous transformers. In this case, there is an external regulator to take the transformer to prefixed tap position. The aim of LTCC function is to decrease the voltage until a reduced level. This level is fixed by the tap position set point that arrives from the ROCP when the automatism is activated.
B. HV/HV Transformers
As some HV/HV transformers have the possibility of working connected in parallel, the operation of these units is specifyed from the ROCP by means of a modifiable parameter. So, two transformers connected to the same busbar can work individually or in parallel according to the operation requirements.
In the case of independent transformers (not prepared to work in parallel), the previous parameter will be always in on the "individual" setting and it will not be modifiable.
On the other hand, the process of function activation begins with the transmission from the ROCP of the tap position set point, followed by the activation command of the corresponding LTCC function.
The function deactivation, in addition to the reasons commented in the case of HV/MV transformers, takes place if the regulator passes to automatic control when LTCC function is in process.
Within this type of transformers, it can distinguish between:
1) Independent transformers. "Individual/Parallel" parameter, that fixes the operation of the transformer, is not modifiable and will be always on "Individual" position. The automatism supervises the fulfillment of all operation commands. In case of detecting some failure by unsuccessful command, the process is interrupted, LTCC function is deactivated and corresponding failure signal is generated.
2) Transformers connectable in parallel. In this case, "Individual/Parallel" parameter will be modifiable by the operator from the ROCP. There is only one signal for both transformers susceptible to work in parallel. So, each pair of LTCC functions will work in parallel or individual way according to the value of this common parameter.
If the signal, corresponding to the operation of parallel connectable transformers, is on individual position, the process followed by each LTCC function will be the same as the case of independent transformers.
However, in the case of transformers that can work in parallel, three different situations can be established:
-Neither of both transformers has regulator. Each LTCC function acts on its transformer like in the independent units, directly sending the orders to the commutator until taking it to the wished tap.
-Both transformers have the same regulator. The regulator must be on manual control to activate their LTCC functions. If regulator pass to automatic control while automatism is running, both LTCC functions will be deactivated and the corresponding signals will be generated.
-Each transformer has a different regulator. The regulator of each transformer must be on manual control to activate their LTCC function. If regulator pass to automatic control while automatism is running, only affected LTCC function will be deactivated. Warning signals will be generated.
If transformers work in parallel and they are equals, the activation of their LTCC functions is only possible when both of them are simultaneously activated and it is made according to the following sequence:
-ROCP sends the same position set points for both transformers.
-ROCP sends the order to activate both LTCC functions.
Also, the three possibilities already reviewed in the previous case can be found here:
-Neither of both transformers has regulator. Before activating LTCC functions, it is verified that activate commands for both transformers have been received and their position set points are equal. If not, both functions will be deactivated and the corresponding signals will be generated. Only the commutator of the first transformer is activated to get the wished tap.
-Both transformers have the same regulator. Before activating LTCC functions, it is verified that activate commands for both transformers have been received, the regulator is on manual control and their position set points are equal. If not, both functions will be deactivated and the corresponding signals will be generated. Only the commutator of the first transformer is activated.
-Each transformer has a different regulator. The process is the same followed in the previous case. But in this case, only the commutator, established by means of a modifiable parameter by the operator from the ROCP, is activated.
The sequence and conditions to activate LTCC functions of different transformers working in parallel are the same ones that those defined for equal transformers working in parallel. However, with different transformers, position set points for both transformers not necessarily must be equal. So, for the three seen options, the following operation characteristics can be established:
-Neither of both transformers has regulator. Before activating LTCC functions, it is verified that activate commands for both transformers have been received. Each commutator whose position set point is different from the present position is activated until the wished taps are achieved. LTCC functions manage this operation. So that, the specified highest difference between taps is not surpassed at any moment.
-Both transformers have the same regulator. Before activating LTCC functions, it is verified that activate commands for both transformers have been received and the regulator is on manual control. If not, both functions will be deactivated and the corresponding signals will be generated. Each commutator whose position set point is different from the present position is activated and the specified highest difference between taps is not surpassed at any moment.
-Each transformer has a different regulator. The process is the same followed in the previous case. Both regulators must be in manual control.
In the three cases, it is responsibility of the automatism that the difference between the tap positions of both transformer does not surpass the highest difference fixed from the ROCP by means of a modifiable parameter. During this process, if it is no feasible to continue without surpassing it, LTCC functions will be deactivated and corresponding signals of warning will be generated.
Development of the automatism
The automatism presented in this paper consists of eight LTCC functions (LTCC1 to LTCC8) grouped by pairs in four logic functions.
Each one of these four logic functions processes and manages the information of two transformers that, in general, will be able to work in parallel. These data, received from the ROCP or gathered from input cards, are used to control the tap position of the LTC transformers. LTCC functions carry out the necessary orders to verify the correct execution of generated commands.
Also, it is generated a series of signals and data, wich provides complete information about the state of the automatism. The most significative data is sent to the ROCP or presented for "on line" monitoring. All these input and output signals are specified in next section.
When developing this automatism, it has been tried to simplify its operation and configuration, in order to obtain homogenization and standarización which make possible its use in the greatest possible number of remote units.
On the other hand, it has been used a modular programming. The operation process has been subdivided into defined and delimited states, that makes easier its monitoring or modification for technicians initiated in these types of systems. Also, the transitions between those states have been clearly located. Control of tap positions has been developed as an independent subroutine, since it is recurrently used in most of the programming states.
Finally, it can be highlighted that this automatism has been implemented in already existing remote units. Therefore, these remote units develop many other functions, mainly those regarding to telecontrol. Thus, the RCS for transformers with LTC has been integrated in RTUs as a semi-independent module, wich interchanges signals and information with the process by means of input/output cards and with the ROCP via series communication card.
Signals interchange
In this section, inputs, outputs and parameters used by LTCC functions, as well as the signals that they interchange with the ROCP are specified.
A. Digital inputs
These inputs have binary character and provide information about the state of the different elements of the Transformation Center. The main digital inputs are:
-Control position of the regulator of each transformer (Automatic/Manual).
B. Numeric inputs
Numerical information codified in 32 bits that has been externally processed. LTCC functions receive it as a whole number between 1 and 32.
-Tap position of each transformer.
C. Binary signals from the ROCP
They are signals with binary character that the LTCC functions gather from the corresponding communication channel.
-LTCC functions activation commands. Their value must be "1" until the function is deactivated by the ROCP or by own automatism. 
D. Numerical signals from the ROCP
Numerical information gatehered by the LTCC funtions from the corresponding communication channel.
-Tap position set point for each transformer.
-The highest difference between taps of transformers that work in parallel. This signal is used for different transformers working in parallel.
E. Digital outputs
Digital outputs are binary orders, generated by the automatism. They are executed externally on elements of the Transformation Center.
-Raise up transformer tap.
-Lower transformer tap.
-Transformer regulator to automatic control.
-Transformer regulator to manual control.
F. Signals sent to the ROCP
Information generated by the automatism is written in the corresponding communication channel, for its processing and dispatch, via series, to the ROCP. 
G. Modifiable parameters
System parameters wich can only be modified locally by the maintenance personnel.
-Delay time to generate the failure by unsuccessful command. -Delay time to generate the failure, when the highest difference between taps is reached. -Number of LTCC functions equipped: This parameter indicates how many of the eight functions available will be used in a RTU. It should agree with the number of transformers existing in that Transformation Center.
H. Internal signals
In order to make easier its supervision and first starting, the automatism has been equipped with internal signals that can be displayed "on line". These signals will allow the technician to follow easily the automatism operation and state. 
Conclusion
The developed automatism has been designed as a modular system. So, it can be applied to different Transformation Centers configurations by adjusting its particular characteristic parameters. If necessary, it also allows to include more advanced remote supervision and control functions.
The Remote Control System for Transformers with OnLoad Tap Changer presented in this communication is able to control a maximum of eight transformers. Also, it allows to particularize its operation to the following transformers types:
-High Voltage / Medium Voltage transformers.
-High Voltage / High Voltage transformers.
-Independent and no independent transformers.
-Equal or different transformers working in parallel.
Besides, the system has been equipped with the necessary subroutines to make an exhaustive control of the process and verify its good performance. In addition to the possible failures in the hardware of the equipment or in the signal processing, this automatism will verify the fulfillment of all generated commands.
The implementation of this automatism will be carried out taking advantage of the modular and variable configuration of these remote units. So, by doing an appropriate change in the software and a small hardware upgrade, this goal can be achieved. In this way, the remote units will be able to carry out these additional automatisms autonomously. Besides, they can continue achieving all the telecontrol functions that were developing previously.
Finally, the main advantages of the solution presented in this work can be resumed as follow:
-It does not need a great investment because the automatism will be implemented in existent hardware. So, only some small modifications have to be done.
-It reduces the number of outages that the users could suffer unnecessarily and improves the quality of the electrical supply. In other words, it contributes to provide an important improvement in the power system control and operation. 
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